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ABSTRACT 

compoacms chat needed lo be 4i*m*^uZtZL*ji ™ „ Vn*NF) coiwati of many 

(UKD). The IHA eoctlaiM not only the RV hewt r^,„i ci ' iJocwtkal 

(CfiDMs), the Hewed J«ci!»nTtan2^«^£^iS^ 

but also the he*l area cable »T*£2! S^TtL . h ™ 1 Ufl "tenibe KSNP, 

the IHA concept will """"^ " * eXpeCted *« 

INTRODUCTION 

ll>e KNGR project requirement is to design an IHA. in wm„t™. -,. ^ 
^cgrattd h«d package in EPRJ URD [lUh,^ ESSSfLT^" '^P' ° fThc 
riunificarfly few* step* ihBo for ihc KSNP TT^iha ^? * >re .. tbe T* ctof « 
above the reactor h*aoV£ W b ,^ """".^ com^oenc 

aun.be alqw during »c ref Jl^p^r^X^^^X £ TuTt? ** 

*r» c-We* the ^ cob^^ ^ ' ^^^o between the IHA head 
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kodondihcconaiMnentp^a^ °* d ^ ^ bcTwe " *• "cud 

((•(*) C£DM Cooline System 

1ST tW ° °P er4t '" n e «* one ip,rc fan v> maintain d«i 8 A 

m^Llfe^ S *? lh,eld f"*^- ^ quired due, work for .he 

upper «r plenum i* f,£nc«*d using carhoc sire! sheet jtkuJ. 

j//f)Mis»ite Shield 

The rrqviren.cm for a missile shicM In the jha a per the NOftliG OSdO Ml Section 3 S I 
of the CEDM,. The m«s,k sMeid »lso luoctwna « , SpNadcr for .he f ipi£ frame, to 
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euuntain proper angles between the tripod lefts and to balance the horizontal component of 
the force during lifting The desjgn Ot the missile shield b based on the kinetic energy of 
the musflc th* has io be dissipated during the impact The missile shieM is fabricated using 
a carbon jwcI structural plate of the rcqtared thickness. The removal of the missile shield u 
not required to access the corrections to the power and RSPTcuWc* on the top of the CEDM 
housing for air ventinfi purpose*. 

'Head Area Cable System 

l Thc head area cable *y«em consists of CEDM power cables; HSPT cables. Acoustic Leak 
Motusorm* Syztcm (ALMS) f Loose Pan MooHoriug System (LPMS) cable*. HTTC cables, 
fan power cables and bo insinrmentatloo cables, the cable rn™enger tray, cabre supports on 
the messenger tray, and refueling diswtnect DtwcJ* (RO?s). The roesscnger tny is located 
above the top of the CEDM housings. It provides permanent support and routing for the 
head area cables. The caWo terminate at the refueling dlscormcct panels which arc 
considered as interfaces with Ihc power cables f rom the cable tray- inside conUinmcnt 
Cable connectors ai the refueling disconnect panels are of a quicfc^iscxmncct ocstgn that con 
be readily operated by personnel in standard i^conuinmcnt protective clothing, 

CEDM Seismic Support • 

The funesloo of the CEDM seismic support u> restrain each CEDM from having excessive 
dctonnauon at the top of the CEDM in me horizontal direction during an earthquake event 
The CEDM seismic support w£H transfer seismic loads from J01 CEOMs to the supporting 
coWi of the cooling ihroud and Xben to the seismic restraints rhax arc cwwectedi *c 
reftiennt walls on bom sides of the IHA (Figure 2). The CEDM seismic support is 
fabricated using carbon Steel plates. ' ^ 

Cable Bridge 

ProV * Cd * 5 ^ Ppm Mbtes ****** *c ntfiidinB disconnect panels on 
the IHA and the containment cable trays mounted on the primary shield walls. The cable 
bodge is acached to ibe primary shield wall and is cnpable of bcinfc moved swa r Irons the 
IHA prior to the removal of the IHA from the reactor vessel (Figure 3). 

IHA f>£SlCN ASPECTS 

The structural design of the IHA has been performed to maintn'n the category under the loads 
of dead weight, lifting load and the safe shutdown earthquake. The design of each exponent 
ia described be-to**. » 

Cooting Shroud Assembly Design 

The Cooling Shroud Assembly in the IHA consist? of boctom ring plates: supportinc 
columns; cooling shroud plate: CEDM plenum plate; cooling baffle; and ring beam angles. 

A 3- In thick u- m wide bottom ring plate is provided Over the V head pads all around, 
(lie bottom ring plaic b bolted to Ihe RPV head pad by 3 -in diameter AJ25 bolts (one boh 
per pad). The boiu>m no^ pbie is also bolted io the RPv head lift K^pvd. The supporting 
ertumn* »rc connected <u <hc botmin ring ptate with I -in diameter A325 bolts. 

Supporting toiumn Assemblies arc made of 6 - W$ x ZD structural columns lo supper 
the *hru«d and to take the horcTonwl loads. In addition, horizontal hrucing at increments of 
112.2" from the bottom of the bonom ring pJutc is provided alone column height to 
accommodwc column heights of a^ro^imntery 33-4", The supporting columns (W6 x 20) 
take ihe dead*eit>hi from all me component located below the missile shield, occluding the 
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tractor vessel hod, the CEDM"*, the bottom ring plate, and the lift rod*. 

A 1/4- in thick, shrewd plate is provided wound tbe main and supporting columns.. IV 
shroud plate is designed as an enclosure and 10 lake minimum loads. U b not, in general, 
designed co transfer loads from tbe reactor vessel bead or from the CEDM* *o the refueling 
pool wall. Ln the local regions of the shroud plate, however, Et may be required to tnr^fe 
loads from the CE DM seismic supports to the seismic jcjtntims connected to the supporting 
columns. Wherever the OCCcs* to the CEDMs and JiJTCs arc required, the access d oors are 
rHOvided on the shroud plate m rhe lower region of the shroud, 

a 2-in thick pfenum plate is provided under nV C£0M «hrvuds and inside the IHA 
shroud. The plenum plate is provided with 101 9.5-in diameter botes for the CEDMs and 
two S in diameter holes for the HJTCs, 3 holes for main columns, rhe holes for supporting 
columns, and tbe holes for RCGYS piping. 

The function of she coating baffle is To separate the incoming, flow ajfta, (where the 
CEDM cooling air flows downward nJoog' the fcri£ihs of the CEDM housings) from Ac 
Outgoing flow area {where the air Dews upward mto the upper m* plenum). Inside the 1KA 
Cche baffle runs from the top of the CEDM plenum plate to the bottom of the missile shield 
J pliLt However, the baffle does not rest on the CEDM plenum plate. The baffle is 
) designed to divide into several section*. These sections of the cootie? rWfle* aie connected 
\jo each other without using any gaskets at the interface. 

Lifting Frame Design 

£ A. 5-in diameter solid rod with 4 UN Threads on both ends of the rod is used for the lift rod in 
r the main column =r$emWy. A 3,5- in diameter solid rod is u*cd lor the lift rod clevis put. 

A 5-S-in diameter rod threaded on both ends b provided for each lei of the tripod asscrnblY. 

A 3 5-in OMractcr rod is provided tor the cfevis pin at both ends of each tripod leg. 

Cooling System Design 

The cooling cans arc powered through the power cables which are routed over the cable 
bridge. Connectors arc provided on the RDP* foe the tan cab tea so thegr can be disconnected 
tci a simitar manner as the CEDM and RSPT cables. Each fan *m'U also be equipped with 
instrument lines that wit) be routed lo the control room for the operator to manually swiich 
the operation from one ran to tbe ether. Generally* the fan operation is routed between three 
tans on a regular basis by the control rOOtn Crpcruior 10 minimi** wear on one fan more than 
upper air plenum consists of the top plate provided in three removable 
^sections: the supporting frame supporting the upper air plenum; and side ptaie making an 
enclosure for the upper air plenum which provides the tntct to the cooling fans. 



ft 




Missile Shield Design 

A 2- in thitk atccl (Hate Is p rovided for the rnixsiJc shicH. The missile shicW supjKHis the 
upper air plenum, cooling fans, and the lift tripod and its accessories. The nuasile shield is 
designed to take loads from' the upper air plenum, the cooling Tans and Jan supports, the 
lifting tripod, and the access ladders. 

Head Area Cable System Design 

The IHA Head An=a Cable System includes a messenger tray: lour refueling disconnect 
panels; CEDM power cable*; RSPT cables; H/TC cables; At-MS cables: I.PMS cables: Inn 
power cables; bn PPT cables; tan motor space hcaicr power cables, and cable supporu- 

Thc messenger trty is looted above tbe mp of the CEDM housings. It provides 
permanent support and routing for the CEDM pvwer Cables, the RSPT type 1 and type U 
ej.td^c Ami oiK« cable*. Qncc these dbfes are laid out on the mcs*cn4;er \r*y they ve 
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normally not disturbed- There an: at least two level* in the rfcrjisoiijcx tray which arc uScd 10 
Ityvvt the cables. OcneraHy. the power cables and the msirurasnariofi cables (RSPT type t 
and type 11) are separated by a required distance along their lengths so there is no signal 
interference between the cables. Also. Ibr power cables art lar&er in diameter when c^rnparnd 
to the insaumeniatioq caMea and, therefore, the power cables re^\iirc larger bend radii in the 
layout The messenger tray consists of at least two-bvd siipport* connected lo the 
circurnfcrcfttml ring beams, Supporting columns or baffles of the shroud assembly. 

The head area, cables inside the tHA rcrminate at the RDPs. The RDP constitutes the 
iotcrface with the mating cables on the cable bridge, The cables in the IHA. arc 
disconnected at the RDPi and the cables Inside the IHA remain with the IHA all the time. 
The RDP* ore plates on which the cable connectors arc mounded. The cable connectors are 
arranged in an orderly fashion on the RDPs for the corrvcnicncc of cotvnteting and 
disconnecting during the outage. Four RDPs are provided in the IHA above the CEOM 
bousing tops. Two RDF* are provided on the 0* side of the reactor and two RDPa are 
provided on the 180° side of the reactot Each RDP has 7 columns ftftd U rows of 
connector ports. Each W>? can r*ov>de 91 cable corrections *od d>e total nornber of 
available cable COtweti ons op four RDPs will be 364, 

•fhc KNGR has 101 CEDMs. Each mechanism has one power cable and two RSPT 
cables. Therefore, *0a CEDM cables need to be routed inside the IHA from the top or the 
CEDM boosing to the RDP?. The individual cable lengths from each CEOM are calculated 
to insure an orderly arrangement in the messenger U*y located above the top of fee CEDM 
bousing* 

in the KKGR there arO two HJTCs pro*ridcd on the tor of the reactor vessel ctosure bead. 
One WTC is located approximately at 125" ao4 the other HJTC is located approximately at 
y& w m The routine the HTrCcabie* starts at the top of die HJTC prxte and tcxrnma« ai 
the RDP. For niaimenance purposes, the HJTCs ait left outside the baffle and between the 
buttle plate and the shroud pialr. Doors will be provided on Ihc shroud lo access the HJTCs, 

The NIMS cables include three ALMS cables and three LPMS cables. These cables 
*tc fOutcd inside the cooling ihzoud aJong. the height of the main Cvlumn* and terminated al 
ihe RDP. 

The covlin* fan power cables and healer cables are selected to meet the requirements of 
the cooling fan. The fan power cables and the fan beater eaWcs arc routed alonfc the side Of 
the rm<$itc shield and to the RDP below the mi«ik shield. The cooling tan pressure 
ittfferential transnjitter (POT) power cables arc selected to meet the requirements of the 
euofiiYg fen. The fan POT power cables are routed along Ac aide of the missile shield and"tn 
the RDP. 

Cable Bridge Design 

There are two c*blc bridges Supported by the primary shield ««aU*. on either side of Ihc RPV 
and located 1 80* apart The cables are arranged in such a way thai there arc seven layers of 
cables with each layer containing a maximum of 28 cables (Figure «). The bridge « 
equipped with a slingi at its outer end (the tip of the bridge] and a lifting rooehaniwn which 
rateics the bridge along a horizontal axis in a hinge provided at the inner (the wall) end. In its 
lined positiorv it make* a 5 degree angle to [he ▼crtica). The cable bridge wifl serve to 
disconnect ai^ connect the cables from the IHAv^vcrucmly and swiftly during the refueling 
period. 

DESIGN BENEFITS AND CONCLUSION 

A dejugn of an Integrated Head Assembly is performed for the 1450 Mwe Korean Ncn 
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Generation Reactor. It mcebr the Cooling rcqwrcmcDtt for the C£DM by providing 
sufficient air flow with th*ee cooling frns. The design Of the I HA also provide* a reliable 
lifting tome to lift the !H A with the KV Clowe head in t single lift 

WHh the IHA. the refueling outage duration VriiJ be reduced by 4 to 5 days due to * 
single lift ofihc RV head area equipment as tftty would otherwise be required lo be lifted 
separately. Utilization of th* IHA will delete the operation of disconnecting ihe C£OM and 
RSPT cabled at both ends. The cables will be disconnected only at uSc RDP Side. The IHA 
will eliminate the polar crane demands during the critical path of the refueling outage This 
leaves the polar crane available for other activities, thereby greatly tocrcaaing the flexibility 
in the sequencing of outage activities. Laydown space ift the containment balding that 
woold otherwise be needed for CEDM Cooling manifold, ductworki, and Hcod Area Cable 
Tray will be allowed for other cQirtprncnL ft is expected thai the IHA concept will 
ccmuibtrtc to ibe reduce 

The IHA will eliminate risk* to pcrfrOttnd safety involved in the activities of disassembly and 
fe-assernWy of the C£DM manifolds and ductworks. 
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